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ABSTRACT 

 

Existing theory of manufacturing capability accumulation is limited because of diverse range of contingency 

variables. Competitive environment, product life cycle, supply chain structure, innovations in product and process 

technology, and manufacturing strategy are among the important variables that affect manufacturing learning 

processes. We suggest a new cumulative theory of manufacturing capability to explain different paths of successful 

manufacturing companies in diverse industries. Selected Korean manufacturing companies in automotive, electronics, 

and heavy industries are examined to verify the suggested framework. 
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1. Introduction 

  

The issues of manufacturing capabilities have been one of the core topics of research in manufacturing strategy since 

Skinner (1966)[1] suggested a broad list of manufacturing capabilities that could enhance the competitiveness of 

manufacturing firms. Regarding the generic manufacturing capabilities, there have been generally accepted ones: 

cost efficiency, quality, dependability, and flexibility [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 among others]. However, there 

have been different arguments about the relationship among these capabilities and how firms develop them.  



 

 

The first one, called the “trade-off” model in the literature first presented by Skinner (1974) [3], 

suggests that there are trade-offs among the capabilities so that a plant cannot do well on more than one of them at 

the same time. According to this model, a manufacturing firm should choose one among the capabilities and 

concentrate its resources and efforts on it to be competitive. Since this model emphasizes priorities among the 

capabilities some authors call them competitive priorities or strategic priorities [9, 10, 12, 13]. This model has been 

criticized and lost ground as many firms have emerged that developed two or more capabilities at the same time 

instead of trading off one in favor of another [11]. It is well known that TQM does assume and report simultaneous 

improvement in quality and cost. 

As empirical evidences accumulate that defy the trade-off model, new models were presented. Based on 

empirical research Nakane (1986) [14] found that Japanese firms developed their manufacturing capabilities in a 

certain sequence and suggested the “cumulative” model. According to this model a certain level of quality must be 

reached before making effort to improve dependability, and dependability is a prerequisite for cost efficiency, and 

flexibility can be improved only after the former three capabilities are achieved. Ferdows, et al (1986) [15] and De 

Meyer, et al. (1989) [16] further verified this model based on their comparative studies of USA, Japanese, and 

European manufacturing firms. Ferdows and De Meyer (1990) [11] modified the cumulative model to suggest what 

they called the “sand-cone” model. They argue that cost efficiency remains the ultimate goal of most manufacturers, 

and that cost improvements are an ultimate consequence of resources and management efforts invested in the 

improvement of quality, dependability, and flexibility. They suggest that to build cumulative and lasting 

manufacturing capability management attention and resources must go toward enhancing in the order of quality, 

dependability, flexibility, and cost efficiency. As in the cumulative model, quality must be the prerequisite of other 

capabilities. One characteristic of this model is that as attention is moving up each step along the sequence, more 

efforts must be made to further enhance all previous capabilities, that is to build up higher sand cone more sands 

must be poured in lower level to make better foundation layer. 

 Ferdows and De Meyer’s sand-con model gave new insights to the traditional trade-off model and are 

accepted well by both practitioners and academics. This was because the model seems to reflect well the reality that 

manufacturing experts experience. The sand-cone model does not reject the trade-offs among manufacturing 

capabilities but it rather explains the trade-off as a phenomenon that can happen when the capabilities are built in 

wrong sequence. They argue, for instance, in a plant with lower than proper level of quality, the more efforts are put 

to programs that are aimed directly at cost efficiency improvements, the lower the quality may become, while in a 

plant where quality, dependability, and flexibility reached appropriate stage, the more efforts toward improving these 

lower-level leads to lasting cost improvement. The sand-cone model is a significant addition to the research in 

manufacturing strategy, however, as the authors admit, the order of sequence of the manufacturing capability 

accumulation is not verified empirically. 

Our experiences with manufacturing firms show in most cases that programs for improving quality and 

process dependability come first and are the basic activities among various manufacturing capability enhancement 

efforts. However, the claim of the sand-cone model that manufacturing flexibility, which means various abilities such 



 

 

as quick response to changes in volume, short time to market, wide product ranges, and so forth, is the prerequisite to 

lasting cost improvement can be hardly accepted generally. Accepting the primary contributions of the sand-cone 

model such as the extension of the trade-off model, the importance of the sequence of manufacturing capabilities in 

their development, we propose a new more applicable framework for building manufacturing capabilities. 

 

 

2. The Model 

 

In studying the capabilities of manufacturing organizations, manufacturing business unit is the unit of analysis, and 

we usually compare those capabilities such as cost, quality, dependability, new product development, volume 

flexibility, etc. The sand-cone model also attempted to find a generic sequence of the capabilities in their 

accumulation in manufacturing business units. However the real manufacturing capabilities are accumulated in the 

elementary resources inside the organization or in the processes as a consequence of interactions among its resources 

and strategic choices. 
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Figure 1. A Framework for manufacturing capability accumulation 

 

As is shown in Figure 1, it is logical to consider that the manufacturing capability of a firm and MBU is 

determined by the types of capabilities accumulated in its internal resources and their usage and exploitation. The 

left-most column shows major factors that affect the strategic choice of manufacturing capabilities, which are 

external drivers such as market and product characteristics and the current configuration of internal resources. Hill[5] 



 

 

argues that manufacturing capabilities a company should secure are determined by the order winning criteria and 

order qualifying criteria in the company’s market segment, and the capability of its internal process should be aligned 

with its serving market. Applying Hill’s idea to a company that is serving a market with volatile market requirements, 

the company may have to reactively develop the capabilities demanded by the market rather than following a generic 

sequence of capability accumulation process. An MBU may also serve different markets with different order winning 

and qualifying criteria at the same time so that it has to develop different capabilities simultaneously. Therefore, 

rather than assuming a generic sequence of capabilities in their development as in the sand-cone model, it is more 

useful to investigate how the level of capabilities contained in the internal resources, internal fit(or coherence), 

strategic orientation (or intention, as in competitive priority) jointly affect the accumulation of manufacturing 

capability of a manufacturing business unit.  

 

 

3. Case studies 

 

In this section we take some cases from several Korean manufacturing firms to support our model. First we take a 

couple of examples where the order of the manufacturing capabilities is different from the one suggested in the sand-

cone morel. As the country where the CDMA-based digital personal communication system was commercialized for 

the first time in the world, Korea’s digital mobile phone market has been expanding at a dazzling speed and shows an 

extremely short product life cycle. Samsung Electronics Company (SEC) entered into the personal communication 

system business very early and leads this market by fast time to market and high performance quality, and enjoys 

premium price and more than 50% of the market competing with four major players including Motorola. SEC also 

supplies TDMA-based GSM phone sets for European market as a latecomer. The business in European markets is 

quite different to SEC from that in Korea. SEC deals with many retailers in many countries in Europe which require 

localization and frequent changes in delivery time and order size. The mobile phone business unit of SEC enhanced 

its process integration and flexibility in manufacturing planning and control by concentrating investment and efforts 

on Enterprise Resource Planning (ERP) system and thus could reduce its manufacturing lead time of GSM phone set 

for European market from 1 month to 3 days. This is a case where delivery speed and market responsiveness are 

remarkably improved while dependability does not reach a proper level due to the structural change in the order 

fulfillment process. Since this improvement is achieved through the enhancement of process management capability, 

it will last, and the MBU will enhance dependability through improvement effort to reduce variation in delivery. 

Automotive parts vendors, for example, when ISO 9000 or QS certification became order qualifier, had 

to invest to be certified even though they were not capable of exploiting fully such quality management system. 

Their capability accumulation paths after certified, however, are quite different depending upon their strategic 

choices. It is well known that some companies just buy the certificate and forget about it. However, many companies 

responded in the recent Korean Manufacturing Survey that ISO 9000 and 5S program were very helpful in improving 

their manufacturing capability. Those companies responded in this way may be regarded as not having acquired basic 



 

 

capabilities in quality management before they were ISO9000-certified. The leading companies that had developed 

effective quality management system prior to the certification report that the certification’s benefit is marginal at best. 

In other words, some companies were ISO-certified first and then took advantage of it to adopt basic programs such 

as 5S campaign and improved quality and process dependability simultaneously. Having seen these examples, even 

though limited in cases, can we still assume a generic sequence in the accumulation of manufacturing capabilities? 

We think that it also depends on the individual company’s strategic choice.  

It may be generally the case, as mentioned above, that those basic improvement programs such as the 

ones for waste removal, quality at the source mentality, and total preventive maintenance that are essential for 

achieving conformance quality and process dependability are the prerequisite of any other programs for the 

accumulation of other capabilities. However, the choice of the resource capabilities to accumulate on top of these 

basic ones shows significant difference depending on the individual company’s strategic choice. Upton and Kim [17, 

18]’s cases research about Samsung Heavy Industries Shipyard (SHIS) and Daewoo Shipbuilding and Heavy 

Machinery (DSHM) are demonstrating examples. SHIS focused its investment and effort on CAD/CAM and other 

technology to improve quality and productivity, and the major resources on which the intended capabilities were 

accumulated were engineers and technologists. In contrast to SHIS’s engineering and technology orientation, 

DSHM’s attention was given to welders and focused on improving the precision of welding, and it innovated its 

shipbuilding process based on the worker capability acquired this way. The two companies in the case benefited 

lasting improvement in quality and cost, but the source of capability was completely different between the two. This 

difference is mainly the result of their different strategic choices. In their strategic choices, there was not significant 

difference in competitive priority, but the two companies’ choices of resource were very different. Their cultural 

difference (DSHM’s shop floor orientation, SHIS’s technology orientation), difference in resources (labor force, 

financial resource), and so forth had a impact on their strategic choice.  

Some firms have tried to improve several capabilities simultaneously through enhancing new product 

development process. LG Electronics is the second largest supplier of video tape recorders (VTR) in the world 

selling about five million sets per year. LG’s VTR business unit lost during 1995−1997 and became profitable in 

1998. VTR has been quite matured product for quite a long time with stable market size and continuous price 

decrease. LG’s strategic choice was product innovation through better integration of R&D and manufacturing. LG 

applied and further refined its design for manufacturability (DFM) practice. They innovated the deck mechanism 

which is the core component of VTR by reducing the number of parts and improving quality. This project greatly 

improved the overall quality of the set, the manufacturing process, new product development flexibility, and reduced 

cost. Hyundai Motor Company (HMC) has market with different characteristics: the domestic market where 

flexibility and delivery are important, and export market where quality and cost are important. HMC attempts to 

reduce cost, improve quality, and improve new product development by better management of supplier capability 

and relationship. HMC used to nurture and control domestic part vendors, but as domestic market was open to major 

automotive part vendors such as Denso, Bosch, and Delphi, its small-to-medium sized domestic vendors were 

threatened. So HMC planned to reshape its relationship with vendors to equal business partners. In doing so it 



 

 

assigned small number of large first-tier suppliers which produce system components and subassemblies. These first-

tier vendors are expected to greatly enhance their specialties so that HMC and they can collaborate in new car 

development projects. This is a case where external drivers have an impact on strategy and capability building. 

 

 

4. Summary and Future Research 

 

In this paper we proposed a framework for understanding the accumulation of manufacturing capabilities. Unlike 

those earlier models that suggest static sequence of capability building, our model captures the relationship among 

strategies, resource capabilities, and manufacturing capabilities in a rather contingent dynamic process perspective. 

We presented some cases to show what and how external derivers and internal resources have an impact on strategic 

choices, and how these strategic choices select resources to develop intended manufacturing capabilities. This 

research is an early outcome of an ongoing project for building an in-depth database for the evolution of the Korean 

manufacturing industries. We plan to accumulate more real cases to test and refine our model. Another interesting 

issue that has emerged, but not dealt in this paper, is how firm’s several MBUs that are geographically adjacent or 

sometimes even under the same roof influence each other in their accumulation of manufacturing capabilities. 
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